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© Purified deacetoxycephaiosporin C synthase. 



SP ° r ' t n C H Syn k thase obtained f ™ cell-free extracts of Streotomvces clavuligerus was 
punned to near homogene.ty and characterized in inactive form. The amino aci d sequence wa s^iteFnWd and 
nroZl T 3Se rr'r^ rePr ° dUCed " 3Ctive form in E - coli - The recombinants produced syn ^thase is 
func fon ho T ° t f ° rm ^ 3 chrom ^9ra P hic FrocFss. The synthase lacks DAOC hyd oxyfase 

^unct.on, however, ,t possesses the ability to transform 3-exomethylenecephalosporin C to ^tylcepKjoT 
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PURIFIED ENZYME 



This invent re,a,es to en 2 yme technofooy. in p^icula. it ^„^ a ~ 
cephalosporin C (DAOC) synthase. also known a, £P^«« ^t^^d^^^^ 

ceP ^;ro e Sc d r,r d reS cV> * « en^ 

and the latter to cephalosporin C via action of an acetyl <™**™_ 0( Cepha i OS porium 

The Pifunctiona, ^'^SJT^1S B tr^S en.yme o btained from a 
c^pirrei^di^^r^at^tatned from £ a—. * - - - « «- - 

enzyme on modified substrates which coulc Head to ^^ re ^^ S / i9 lram Strep- 

The purified deacetoxycephalosponn C synthase P™^ b * J^^ M03pwin C with the-JuS: 
; tomyces claxMigerus and exhibits expandase activity providing <*"£*™^"J^ obtai „ed from 

expandase gene into Eschencl^ col., J *M. er et ^ C ° P Qf the 9 recc ! mbina nt E. coli and purified to 

electrophoretic elution. mn |pcu!ar weiaht of 34,600 daltons as derived from the 

30 The enzyme is a pjoWn -™^^^ p ^^JS^nd residue of the enzyme is free 
nucleotide sequence; 34,000 to 35.000 by 0 p A^ ^ e ha$ been 

(unblocked). The 22-amino ac.d sequence of the am n0 J ) erm ;^ 1 .^% hr . Va , Pr0 . Th ,p he . S er-Leu-Ala-Glu- 
determined by conventional means and .s as ^"ws- Mj^pT^n the 22 _ 

Leu-Gln-Gln-G.y-Leu-His-G.n-Asp-Glu-Phe. The data obtained I for *y m n0 * fQurth amin0 acid . ln 
35 ammo acid sequence of the recombinant.y P'^^^^^Z^, aS shown above, for the 

The amino acid composition of the purified enzyme ,s shown ,n Table 1 below. 
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TABLE 1 



Amino Acid Composition of 
5 Expandase 



Amino 


No. of Residues per 


Acid 


34,600 Dalton 


Asp + Asn 


28 


Thr 


25 a 


Ser 


24 a 


Glu + Gin 


33 


Pro 


18 


Gly 


25 


Ala 


27 


Cys 


6 b 


Val 


20 


Met 


5 


fie 


10 


Leu 


2-5 


Tyr 


10 


Phe 


20 


His 


8 


Lys 


7 


Arg 


23 


Trp 


2 C 



" Determined by extrapolation to zero time of hydrolysis 

Determined as cysteic acid 
c Determined by hydrolysis in the presence of thioglycolic acid 



The purified enzyme exhibits two distinct isoelectric points: 5.3*0.2 and 6 1*0 2 
HEPES%^er ed oH n 7 2y r t H eXhibitS '* ^i™' Synth3Se aCtiVity Wi,h 02 t0 15 mU of enzyme in 50 mM 

* jzzzzz Xe>=^ - - - - - 

mPlS^SSJ f Xhi ^ itS 3 Oarr0W SUbStrate s P ecificitv - N ° synthase activity was observed for the enzyme 
,=„=„ e ,° nZy T ' S J hl9hly S8nsi " ve 10 inhibiti °" °* 1,8 DAOC s V"l h ^e activity by EDTA (ethylenediamins 

x ,:"ir eo rdT roiins ' i he en2vme ™ su ~ » 

suimyaryi reagents, e.g., p-hydroxymercunbenzoate (p-HMB), 5,5 -dithiobis-2-nitrobenzoic acid fDTNm ar ,H 

o^rsss^n's?!"^ sr* in * itea by iodoace,ic add - 

2 m r 0 ^™«i rea c;r2« ure ' en2yme s synmase ac,ivi,v is ,u,,y res,wed * 30 mi " * «««' - 

discu^dt::: 9 Table 2 sho " s ,hs ^ ™ the en2yme <* me chei ^ « -wi «»-» 
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Effect of Metal Chelators and Sulfhydryl 
Reagents on DAQC Synthase' 



Additive 


Concentration 


Relative 


(mM) 


Activity (%) 






100 


None 




63 


o-Phenanthroline 


0.02 




0.2 


0 


EDTA 




65 




0.2 


0 


p-HMB 


0.1 


0 




1.0 


0 


DTNB 


0.1 


70 




1.0 


0 


NEM 


0.1 


55 




1.0 


0 


lodoacetic acid 


0.1 


100 




I 10 - 


65 



" Enzvmatic reactions were luhuuu= u ~ . 

reSO^nd 0.1 mM DTT. The enzyme was incubated w,th the ,nd,ca«d 
fnhibitor .or , min pnor to the initiation 0. the reactioh with peniailm N. 



,„ the conversion - penici.in H ,c DAOC t—ihte "oTZ 

^purifed synthase provided by the "ZZ^O 

The kinetics 0. the native enzyme and «-V™ >t 3( .. c The Km ol tne 

reaction conditions lor the enzyme, i.e at pH 7 0 in su ..ketoglotarate was 18 uM as 

recombinant,, produced DAOC synthase for pen,c,», »»Z ^ « ^ determined as 8 
determined by the Lineweaver-Bu* me, odjh 432 amol DAOC oLd/min/mg protein" 

' r K ttttXttZS - iterate, . . - and K, . 

(Fe^*) = 4(iM. jnventjon lacks th e hydroxylase activity for 

by the formula 
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' 5 ^erSr30-C P t d i W r^V mPriSeS miXm9 3 " eX ° me th V'enecepha.osporin C at a temperature 
between about 30 C and about 40 C tn an aqueous medium containing ferrous ion a-ketoolutarate and 

TetL P , ^ i 60 ^ 6 8 3b0Ut 7 6 With CaJgeru, derived synSe 

Preferablv the oh 7Z "V" *° ^ PH in ^ ^^T^fer such as Tris HC, buffer 

*, ri^H b '!; 'l?**™^?' 5 ™ tained * about ? H ™ «° about 7.4. The process is preferab.v 
" best activity^ " ~"" Ja ' aiU '° °' * UUUC J ° U 31 Wh ' Ch tem P eratur e the purified synthase appears to show its 

ketolrate'lt IVn^ TT'" * 8 COncentration between *out 20 uM and about 100 uM and «- 
ketoglutarate at a concentration between about 20 uM and about 300 uM 

25 S m^ X i 9 a ? n C3n H be Pr ° Vided fr ° m ^ atmos P here in sufficient amount when the process is carried out on a 
"b^^ — - ** ~ - scaie reactions.^ 

qood A lta h tio7bl en t 2ymatiC re l C l° nS Wh6n Carned ° Ut b3tChwiSe ' lhe re3Ction mixtufe is Prided with 
svnl2 T . bv * rnno or shakin 9- Alternatively, the process can be carned out with immobilized 
30 S^a^iLT 0 "; ^kT C ° ntainin9 3 — thy.enecepha.osporin C, ferrouTio Q 
SKf S IT deSCnb6d ab0V6 ' iS br ° U9ht int ° COntaCt With the ^^obilized enzyme on an 
m^^^'^^rr 11 kn <T' ^ 3 Cr0SS ' linked di -y^- 2e ne resin or a polyacrylic- 
eTzvme l v / I™ f ° rm ° f b6adS ° f V3ri0us sizes and P° re dimensions. The immobilized 

enzyme may be packed ,nto a suitable column and the aqueous medium containinq the 3-ex- 

35 ISK^SE'I 0 thr ° U9h ^ C °' Umn - ° Xy9en ™* be ^ aSSed ^ oolmn may be 

admitted n some other manner, e.g., ,t may be passed into the aqueous medium as it enters the column 

and oxvop?' ? * is USed ,n the P rocess ' ln to Fe»*. *-ketogZarate 

agents eo m^ZTT^ ° f 6n2ymatiC ^ othe ' fact ° r * as3S£ 

elTon^e^ ^ a beneficial 

W and!h h e% 3 ;Tetv y ^ 3 ''"^ ° f the ° A0C S ^ thase ^ ° f the enzyme 

^^^T^^^^ n \°y rmVl ^ 3CtiVity ° f thS 6nZyme Wl " n0t C0nvert DA0C to DAC. 
Accordingly, rt appears that the 3-exo-hydroxylase activity is a distinct function of the enzyme 

The purified expandase provided herein can be obtained from cell-free extracts of Streotomvces 

■ SSnlml'^f 0 " Pr0C8SS ° f thiS inVentl '° n - * ^"QTue has been avaifabS for some ime 
E t a , 7 J by numerous researchers in the sTudy of cephalosporin biosynthesis, e.g.. Jensen 
Patent No 4 ^ ^ ™' W °' fe ' S " * ^ ^e, Vol. 226. 1386-1392. 1^84; and U S. 

d^l^^y^^ « -~ available from the American Type Culture Col.ection under the 

- P re D ara C t^rfromwlV P ^ C , eSS ; TlT * * Clavuli 9 eruS are -d stabilized during 

e^faTa^nS k " Pr °. teaSe inhibit0r such as Phenylmethy.sulfony. fluoride and 

^^^TZ^^ V° 3bOUt 4 °- Centrif ^ ation of the stabilized extract provides a ce„- 
Tc lTZVPr ? CrUde ^ iS firSt chroma t°9raphed at a temperature between about 

a InTJ , . er , 3 W6ak an ' 0niC r6Sin With the DA0C s y nthase elutin 9 with a KCI linear gradient as 
L nnln h' P9 ^ SePar3ted fr ° m DA0C h y dr °><V ,a ^ ^tivity. The DAOC synthase peak fractions 
actil T^TTr^ U ' trafiltration and the c °«^ntrate Ejected to ge. filtration. A single p i 
the Iti 1 1 W h S ; HC1, „ PH ? ' 5 ' bUff6r C ° ntainin9 10% ethanoL The P eak fracti ^^ oontainfng 60% of 
a^L svntht' Tf TTt t0 F3St Pr ° tein UqUid Chromato 9 ra P^ (FPLC) over a strong anionic 
resm and the synthase eluted w,th a linear gradient of KCI in buffer. A single activity peak is obtained 
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The main protein <M, - 34.000, ,0. a portion of the fraction with the highest activity can be purified ,0 
near homogeneity by electrophoretic elution Com an ■ SDS-PAQE get chromatography 

^ s^s^^iS 1 -" ' s ™ d at 40 ' 000 * 9 

forabou. 30 min. The supernatant is ^"«»^J^^L 3 -»<*<* °™' a weak anionic resin 
in the first slep of the process, the cold crude extra* i is J™"?^ are the cellutose derivatives, 
previously equilibrated with E buffer. Weak anionic ^^ZZ^oell. cellulose. Whatman. Inc., 
for example, d,e,hy,aminoe,hyl cellulose such as he comm^ ^ wlt h a 

such as DEAE-Trisacryl US. IBF Bio.echnics Inc., is a suitabl. w „ h E bofler and the bou nd 
The cold crude extract is applied to the column, be column washed w«h ^ 
, ^rr^\^^J=^^ n^xylase acLy peak as shown in 

F ' 9 TJ Z'rScontaining about 00,. o, the total ^ - ^ tTSTT J 

small volume by ultrahltratioaThe » ^'^ ^ ^n ^d from the gel with E 

reSer^^^^^^ 

(IBF Biotechnics, Inc., Villeneuve-la-G.aremere. France >, , synthase activity are pooled 

The peak fractions of the gel fi.trat.on conta,n,ng about 80 A of the , «*al sy ^ ^ 

• r P ,e=r^^ 

hereinabove. . . ran be stored at -70 'C until needed. 

The fractions from the single peak contammg the ynthase a^vrty «n be stoned 
The process of the invention generally prov.des the enzyme .n a punty greater 

. - = r-i-K and^ZmT^eS the en.me from the natural 
""tL invention .urther provides a process for the recovery and purification o, me recombinant* 

- SST V£ STn e g= ab H = rr^ ^ beca'use — . alien 

the process is carried ou, ■^^^"S;^. sin 9 9 ,e P activity peak is 
50 anionic exchange res.n using a linear gradn it 01 i oo u d ^ v<)|ume 

obtained and the eluate fractions contammg ab out 80 * of con( .;„ tra , e is subjected to gel 

of the pooled fraction is reduced to a small volume by ultraf I ra, '°" d ^% c0 c actlviw peak . ne pea k 
filtration and the bound protein eluted from the gel with buffer to P'^^^^Vemented with 0.1 m M 
fractions conuining about 60% of the total enzyme ac«»ty « ™ ar , ionic change 
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lha bou „ d ^ « o, - « - = :r^ rs 

The column is eluted with a hnear grac K « and maintained at -70* C for future use. 

having a synthase activity of at least 275 mU/ml ^ «™ n ~ the E colj cells by homogenized of the 
initially, the synthase containing granu e, are ^ r ^ ^ enric hed in DAOC synthase 

cells in a buffered medium, e.g.. 50 ^ T ns-HCI. i pH ^bu 9 Jhe granu , 

can be separated by differential centnfugaton at : 8 000 x 9 pH 8.0, containing 5 mM DTT and 

"suspended in buffer and solubilized with >l « ' ^ s centred at 40.000 x g for about 15 

• r synthase is then purif,ed in the process 

Pr ° V r fon^g Process is carried out at a temperature between about C C and about 4 C. A„ buffers 
are thoroughly degassed prior to use. exchange resin such as one of those 

The crude extract is first * rom ^ r * te ^' en2 yme from the natural source. A preferred 

described hereinabove for use in the P<^« ^ ^ ^esin is first equilibrated with UDG buffer 

^h^^lt^radient, e, ^^^^^^o:;- co« b out B0 % of the 

, 0 a single activity peak as shown in F.gure f ° f *% dr ^J^ |ume by ultrafiltration. 

total enzyme activity are pooled and *^«*^^^ P«**ably one such 33 Bi<>Gel A0 5m 
The concentrate is subjected to gel f tration over a ^^ble gel p ^ ^ buf{er prjor e 



ine pinion' — •■- 

36 of the drawings. , h wtal en2ym0 activity are pooled and eopplemen- 

Again the peak tractions containing about 60/. of the - m ' FpLC over a strong anionic 

,ed w»h 0., mM penicillin N to stable the e *£ "Lei, (Waters Associates), the QAE 

resin. Strong anionic resins such as »^ .^^"^7^ used. A preferred resin is Mono Q The 
Sephadex (Pharmacia, inc.) and Mono O < p "^ a ' ^ % 0 , t0 use . The bound proteins are eluted wi h 

co „r,ri;:d^^^ 

„ ge" A preferred gel is Superese ^T^VZ^ZZ^™ suppiemented with 0.1 
alvcerol-free buffer prior to use and the protein is eluted with tne s , ^ draw ,„gs. 

Next the fractions containing about 80% of the «™»™ chro matographed (FPLC) over a strpng 
supplemented with 0.1 mM penicillin N ™^*^»*L^ * °Z glycerpl-free buffer at pH 7.0. 
«, anion exchange resin such as Mono Q . The resin ■ . ou *n-d£ J ^ ^ 

ra ,he, than at pH 8.0 as wi* ^^.^ m^^ « *> u » ib ' a,i °" ^ ™ P '°' 
eluted with a linear gradient of KCI (0.05 u.a mi u ^ draw ,„ gs . 

chrdtnatdgram shows the maipr synthase M«* « , 0 Led by SDS-PAGE. Figure IB p. »» 
The purification of the enayme ™'° u ^™<™°'°™*Z,nQ electrophoresis en samples pf the enzyme 
* ^rrrsCstr*p=r:r SrC"* 5. - corresponding ,p the singie spp. ~ 

°' ^rfrwing exampfes are provided to former describe the invention and ere no, ,P be construed as 

-sr- specied. °™ a y~jzzpz sr^Tsns t^i 
7 T „e = °- a - - - - HPLC as descr,C8d 6y 
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Dotzlaf, J. E., and Yeh, W. K (1987), J. Bacterid ig. 161M618. 

Example 1 



isolation and Purification of DAOC Synthase From S. clavuligerus 

70 -ele^^^ ™» was grown in 500 ml 

Chemotherapy , Vol. 1, pp . 247^1 0972^ ^^ , y ' J " G " 91 Antimi crobial Agents and 
centrifugatio-washed wi5T, 5 rnMn^JT™^* * the ^^nJsSS6^ 

The cells were then washed with the saiUre buffe r and sto'r d « TT n°' T ^ ^ 1 ° M KCL 

The isolation and purification of DAOC synthase from th. V , T 
temperature between about o' C and about JcmL ferTwll cells was carried out at a 

Fresh cells (wet weight 300 g) were susoen^J N T, m ? thorou ^ Prior to use. 
ethano. (E buffer hereinafter, to tota7!o ume cfsoo m iT PH ^ in the presence of 1 °% 

2S separated from DAOC hydroxylase actMfy (Figure ,) ^ ''^ 35 * ^ ^ P6ak we " 

a i:" f ::;s::s rrr poo,ed and - — - 

onto an Ultragel A44 column (2.6 x 95 cm) Lvll f , ^ h ntrator (Amicon >- ™e concentrate was loaded 
buffer. A single activity peak was obtained * eqU '" brated with E ^ and protein eluted with E 

30 ^r^;~^-^^T e T ty were poo,ed and a - (i - - a — o 

were eiuted with a linear gradient of K^TminTS' E buflBr - 8ound P"^™ 

fraction with the highest synthase activity was stored at -70 ' C L ? T 9 Peak W3S ° btained " The 

however, inactive a s DAOC synthase. In Figure 2 'Jm , Z\ 9 °° S ' T " e 9 e| -P u ' ifl ^ P'otem was. 
2 and 3. -Gel elu.te". contain 5 a s o/fSiLTl ?• " U9 °' Pro,ein Lam» 

» synthase. 9 9<sl elutecl £ ^vul. 9 erus protein from purification of the native 

.o»olrra~ ribed °> - £ ^-ase is summary in „ 
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* Specific activity is the units (U) per mg of protein. 



Example 2 



isolation and Purification of Recombinant DAOC Synthase 



so ^^X^ at a temperature between about o'c and about a' C 

from ,n'r 92 ' 27 ?' ^ May 9 ' ^8^6 * Smo'S in WndinofelZ 

from 30 C to 42 C. the E. coli cells were collected bv cL 2f P 6 ° f ^ fermenta *°n fixture shifted 
35 used for the a clavuligeruT c-eTs as described '^^1 1 9 ^ Were WaShed b * the Procedures 

P-scataway, NJ) column (1.6 x 25 cm) preZs!^iZiS^ n 8 DEAE - Se P ha ™* (Pharmacia. Inc. 
w,th two-bed volumes of the same buffed and boun ioot^ , UDQ The colu ™ ™ washed 

0-3 M). The synthase was obtained as a single tmwTT T W " h 3 ,inear 9 rad ^nt of NaCl (0- 

The fractions containing 60% of 11 ota entZ T ^ in Fi9Ure 3A ' 
2 ml by ult^tration with I B15 MinlcTc' ^ ^ <° 3 °< 

AO 5 m (B,o-Rad Laboratories, Richmond, CA, column H 6 , conc ™e was applied to a Bio-Gel 
buffer. The bound protein was eluted with UDG buffer and a sinl ^ . previous| y equilibrated with UDG 
figure 3B. The peak fractions containing 60% ofl e total ch of , " *"* WaS ° btained as shown 
so supplemented with 0.1- mM penicillin N and folded t n JT 9 T tC e ° Zyme activit * were Pooled, 
equ.hbrated with the glycero.-free buffer (5 1 urea , -Z Tr* m ^o 00 '^" ( °' 5 * 5 cm > 
were eluted with a linear gradient of NaC. (0-0 5 M) ,n The bufX ' ^ ^ ° TT) - The bound P^eins 
act.«rty peaks were obtained as shown in Figure 3 C US ™ equi,ibration <* the column. Two 

The fractions containing 60% of rhP a n7» mo < 
« a volume of 0.5 m, with a Centricon-30 (Tm co ) * 2? TT* »* "** ^ ~ ated * 
NJ column (1.6 x 85 cm, which was previously eqlbraS wit hL ( (Phamacia - Inc., Piscataway, 
eluted w,th the glycerol-free buffer supplenenl^To m ?n ? buffer. Bound protein was 

obtained as shown in Figure 3D. 0,1M KCL Two P artial| y separated activity peaks were 



EP 0 366 354 A2 

The three fractions with a synthase a«*vrty of at ^ 27 * ^ ^ & minQr protein bond (F ,g. 



Table 4. 



TABLE 4 



' Protein | Activity Sp Act V 





Granular extract 
DEAE-Sepharose eluate 
Bio-Gel A0.5m eluate 
Mono Q I eluate 
Superose 12 eluate 
Mono Q It eluate 



follows. 



A Culture of E coli K12 RR1 AM15/pOW380 



45 B. Isolation of Plasmid pOW380 
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-20 U ana tne piabm.u h extracted with an equal volume of a 

'"Thf 'T™7^«7oW™ DNA obtained by mis procedure was suspended in ,.5 mt of O.tX 
TE Lf^and LUT^C. A restriction s„e and function map of piasnMd POW380 is presented ,n 
Figure 1 of the accompanying drawings. 



Construction of Phage mOW380 



. HiHoront methods and sources of gene 

25 TiS codU-usaoe bias. The desired p„a 9 e Ml. cione^n b. jdentified usng , e = obe ,n a 

sue isrsL"^*. 

30 site at the 5' end of the S. clavuligerus expandase coding sequence. 



A Iso^tion of the ^ kb BarnHI Resjric^ Ragmert 
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another precipitation to remove residual salt, the DNA pellet was rinsed with 70% ethanol, dried, resuspen- 
ded in 20 ul of TE buffer, and constituted the desired restriction fragment. About 0 6 uq of the -3 kb 
fragment was obtained. 

5 

B. Preparation of BamHI-Digested Vector Ml3mp19 RF DNA and Construction of Phage mOW380 

, f? Ut i,'l U i ° f M13mp19 RF DNA < avai,able f ' om N ew England Biolabs (NEB)) were digested in 100 
ul of BamHI buffer with 1 ul (-20 units) of restriction enzyme BamHI for 90 minutes at 37° C. The reaction 
w mixture was extracted with phenoCchloroform and the DNA. in thi-aqueous phase, concentrated by ethanol 
prestation. The DNA pellet was resuspended in 20 ul of 0.1 X TE buffer and constituted -2 uq of the 
desired BamHI-digested M1 3mp19 vector. The vector DNA obtained was stored at -20 * C 
mJ hB ^ ° f ^ ~ 3 kb — H ' restricEion fragment of plasmid pOW380 and 1 ul of Bam Hi-digested vector 
Tr Ljpi u\? atB( l ^ 3 20 Ul reaCti ° n containin 9 the DNA fragments, 2ul of 10Xli5ase buffer (0.5 M 
IZr L^I , mM M9C,2) ' 2 Ul ° f 5 mM ATP ' 1 U ' ° f 6 BSA ' 12 of glass-distided 

7 f h nl ° e ' SS Umt> ° f T4 ° NA ' iQaSe (NEB) - The reaction is incubat ^ -18 hours at 15° C The 
ligated DNA constitutes the desired phase mOW380 along with other ligation products 

q tr .?c Pet n nt ~ S?™? JM1 ° 9 ( " Epicurean Coli ™"> w ^re purchased from Stratagene (3700 Tansy 
Street. San Diego. CA 92121) and transformed with a ligation reaction mixture constituting phage mOW380 
20 ,n substantial accordance with the manufacturer's directions, except that the DNA was in a volume of 20 ul 
d^rihln , ToT?n Um ° r expression time was necessary. Post-transformation, the cells were 

E co» K1P IM no ' f ' ° th and 50 Ui SamP ' eS { ° 13 X 100 mm Steri,e 9 ,ass tubes contai ™9 0.25 mL/tube 
E. col, K12 JM109 in loganthm.c growth phase. To these tubes were added 3 mL of top agar (L broth with 

25 uo/mL a f h r " 7 T V" ?■ Ce "- t0P a9ar miXtUrS W3S thSn Plat6d 0n L ^ containing 40 

the oLjf °7- 4 ; chlo / 0 - 3 ; ndo 'y | -^ D -9alactoside (X-gal) and 0.1 M isopropylthio-^-galactoside (IPTG) and 
the plates were mcubated at 37 C overnight. (For more detailed descriptions and explanations of M13 
procedures, see M13 Cloning/Dideoxy Sequencing .nstruction Manual, Bethesda Research Laboratories 
nTrtL^n ?T n ° ° 9 : eS , C " Gaithersbur 9" MD 20877.) Tra^foTSants are identified by insertional 

so ^^fL^^T aCtiVitV (COl ° r,eSS P ' aqUe Phen0t ^ e > and rest " ction enzyme analysis of 

Pas eu ZllZ P f t T en ' ng PUrP ° SeS ' C ' ear P ' aqUeS are Plu 99 ed from the plate overlay with a 

^cXlZn^T^T ^ ^ " ^ '° 9arithmiC 9r0Wth PhaSe E COli K12 JM109 - Cu(t ^s are 
incubated from 6 to 18 hours at 37 C with aeration. 

snn^rT 9 th ' S ! nCUbat ' 0n ' 15 mL of each culture ** Pelleted in separate 1.5 mL Eppendorf tubes. The 
,5 R^T < are nM C / nted ,nt ° fr6Sh tUb6S ^ St0rSd 3t 4 °° to serve as a s °-ce 01 phage inoculum. 
22 n Z h IS , prepared from the ce" Pe"ets in substantia, accordance with the teaching of the 
alka.ne plasm.d preparaton procedure of Birnboim and Doly. 1979, NUC. Acid Res. 7(6): 1513-1523 with 
he » follow.no exceptions. The procedure is scaled up such that 1.5X volumes of Solutions I. II, and Ml are 

Z L I ' ?n 6d V ? ate iS 6XtraCted ° nCe With 3n 6qual V0lume of CHCI ^ The DNA * then precipitated 
<„ t 1 « ?h !" °- 4 / olumes of isopropanol and incubation at room temperature for 20 minutes. The DNA 
40 is collected by centnfugation and then precipitated with ethanol out of 0.3 M NaOAc. The analysis of the 

TetZZnf^Vl ? F ? NA - " fadlitated bV eXiStSnCe ° f an 3SSymetric Scal restricti - ™Z 
recognition site that .s not only diagnostic for the presence of the desired insert buTalso can be used to 

rTl TZTnV^on t0 multipie - clonin 9 site (MCS) of the M13 vector. By this method. E. 

K12 JM108frnOW380 cells were identified; these cells were then used as a source of phage mCWSST 
45 for the site-specific mutagenesis, as described below. 



p^^g^ °j Single-Stranded Phage mOW380 DNA and Sjte^Specific IVIutage^ to Construct Phage 

A 10 mL culture of early logarithmic growth phase E. coli K12 JM109 was inoculated with -200 ul of 
phage stock (prepared in Example 2B) and incubated ^TsTours at 37 ' C with aeration. The culture was 
centnfuged and the resulting supernatant transferred to a new tube and recentrifuged. The supernatant was 
again decanted to a fresh tube. One mL of a solution of 25% polyethylene glycol (molecular weight S 3 350) 
m i 3 M Nad was added to the supernatant, which was then incubated for 15 minutes at room temperature 
The resulting mixture was centrifuged for 30 minutes at 10.000 rpm. The pellet obtained by the centrifuqa- 
tion contained the single-stranded phage mOW380 and was resuspended in 400 ul of TE buffer The 
solution was extracted first with CHCI 3 and then with TE-saturated phenol. The phenol was allowed to stay 
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in contact with the aqueous phase for 15 minutes. The solution was then extracted tw,ce w th a m^ure of 
TE-saturated phenokCHCb (1:1. and twice with CHCI 3 alone. The DNA was then precipitated out of 0.3 
M NaOAc. collected by centrifugation. and the resulting pellet resuspended in 100 ul of 0.1 X TE buffer. 
This solution constituted -5 tig of single-stranded phage mOW380 DNA. 



The single-stranded ONA fragments used in the mutagenesis (and subsequent hybridizations to detect 
,o desired phages) were synthesized on an automated DNA synthesizer, with the exception of the M13 
universal primer (a 15-mer). which was purchased from BRL The mutagenesis fragments were designated 
as follows- (1) STNDE-A, a single-stranded DNA 41 nucleotides in length that is homologous to the DAOCS 
coding sequence in phage mOW380 except for three bases, the mismatch (underlined) of which will create 
a restriction enzyme Ndel recognition sequence at about position 1 of the DAOCS coding sequence, with 
15 the DNA sequence: 

Nde l 

5 ' -GTGGGCACCGTCGTGTCCATATGCTCTCACTGATCCTCTCG-3 ' 

20 (2) STNDE-B, a single-stranded DNA 17 nucleotides in length that is merely a subfragment of STNDE-A. 
with the DNA sequence: 

Nde l 

2 5 5 ' -TGTC CATATG CTCTCAC-3 ' 

The 5' ends of about 100 pmols of STNDE-A were phosphorylated (kinased) in a reaction mixture 
containing single-stranded DNA at a concentration of 1 pmol/ul. 10 ul of 10X ligase buffer 100C > pmols 
30 adenosine triphosphate (ATP), 10 ul of 0.1 M DTT, 65 ul of glass-distilled water, and 1 ul (10 Richardson 
units) of T4 polynucleotide kinase (Boehringer-Mannheim Biochemicals, (BMB) 7941 Castleway Drive. P.O. 
Box 50816. Indianapolis, Indiana 46250). The reaction mixture was incubated at 37 C for 30 minutes, at 
which time an additional 1 ul of enzyme was added. The reaction mixture was then incubated for another 
30 minutes at 37 °C and then quenched by incubation at 68 C for 5 minutes. The 5 ends of about 40 
35 pmols of M13 universal primer were kinased in an analogous 40 ul of reaction mixture contain.ng the same 
amount of enzyme. , . , . „„u : „„ 

The single-stranded phage mOW380 DNA was mutagenized in substantial accordance with the teaching 
of Adelman et al., 1983, DNA 2(3): 183-193 as described below. The annealing reaction was carried out by 
adding -50<fr^iograms (in 15 ul of 0.1X TE buffer) of single-stranded phage mOW380 DNA to 8 ul of 10X 

40 annealing buffer (100 mM Tris-HCI, P H = 7.5; 1 mM EDTA; and 500 mM Nad), 4 ul (4 pmols) of kinased 
STNDE-A 4 Ul (4 pmols) of kinased M13 universal sequencing primer, and 50 ul of water, incubating the 
mixture at 80° C for 2 minutes, then at 55* C for 5 minutes, and finally at room temperature for 5 minutes. 

The extension reaction was carried out by adding 120 Ul of the following mixture to the solution of 
annealed DNA: 20 ul 10X Klenow-ligase buffer (100 mM Tris-HCI. pH = 7.5; 1 mM EDTA; and 500 mM 

45 NaCI) 20 ul of 0.1 M DTT; 20 ul of a solution 6.25 mM in each of dGTP, dATP. TTP, and dCTP; 20 ul of 5 
mM ATP- 120 ul of water; and 2.5 ul (12.5 units) of KSenow enzyme (BMB). The extension react«on m.xture 
was incubated at room temperature for 1 hour, then at 37' C for 4 hours, and finally at 14 C for -18 hours. 

The extension reaction mixture was extracted once with CHCb and the DNA precipitated with ethanol 
and NaOAc and collected by centrifugation. The DNA pellet was resuspended in 400 ul IX S1 buffer (0.3 M 

50 NaCI and 3 mM ZnOAc). Half the DNA solution was held in reserve at -20 C; half was al.quoted to five rs 
mL tubes To four of these tubes was added 1 ul of SI nuclease (BMB) that had been diluted to 200 30- 
minute units per ul. The reactions were incubated at room temperature for 5, 10. 15, and 20 m.nutes. 
respectively. The reactions were stopped by first adding 5-10 ug of tRNA to the reaction mixture to serve 

, as carrier/then extracting with a TE-saturated phenol-CHCl 3 mixture (1:1. v/v). The sample that : was not 

55 treated with SI (the negative control) was also extracted. The DNA in the aqueous phase was concentrated 
by ethanol precipitation and collected by centrifugation. The DNA pellets were each resuspended in 20 ul 
water. 
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Ten ul of each of the resulting Si -treated DNA solutions were used to transform E. coli K12 JM109 in 
substantial accordance with the procedure described in Example 2B, except that the plates~did not contain 
either X-Gal or IPTG. Desired mutants were identified by hybridization of radiolabeled oligonucleotide 
STNDE-B with phage ONA blotted onto nitrocellulose filters as described below. 

After plaque formation, the plates were incubated at 4°C for -I hour to harden the top agar, with a 
Quanta III® intensifying screen (DuPont, Instrument Products. Biomedical Division, Newtown, CN 06470). 
Desired mutants, those containing sequences complementary to the sequence of STNDE-B, exposed the 
film due to binding of the radiolabeled oligomer by the phage DNA bound to the filter. The identity of a 
correct mutant, designated phage mOW38l, was confirmed by restriction analysis of its RF DNA, which 
was prepared in substantial accordance with the procedure described in Example 2B. 



E. Final Construction of Plasmid pOW381 

Although the RF DNA of phage mOW38l contains the DAOCS coding sequence on the Ndel-BamHI 
restriction fragment utilized in the construction of the E. coli expression plasmid pOW382, it is~so~metimes 
difficult to accumulate the RF of mOW381 in sufficient quantity for fragment isolation. To facilitate the 
construction of the E. coli expression plasmid pOW382, the intermediate plasmid pOW38l was constructed. 

Replicative form DNA from phage mOW38l -infected E_ coli K12 JM109 was isolated in substantial 
accordance with the procedure described in Example 2B. About 10 ug of the RF DNA of phage mOW381 
DNA were digested with restriction enzyme Bam HI (-10 units) in a reaction containing the DNA in 1X 
BamHI buffer. After incubation for -90 minutes at 37 *C, the reaction mixture was subjected to agarose gel 
electrophoresis, and the -3 kb Bam HI fragment was isolated in substantial accordance with Example 2A. 
Nitrocellulose filters were placed on top of the lawn of each of two plates, containing -50-200 plaques, from 
each of the negative control, the 10 minute S1 -treated series, and the 20 minute S1 -treated series. Contact 
between the filter and the surface of the lawn was maintained for -1 minute, at which time the nitrocellulose 
filter was treated, by using saturated 3 MMChr filter papers (Whatman Labsales, Inc., P.O. Box 1359, 
Hillsboro, Oregon 97123-1359), with 0.1 N NaOH-1.5 M NaCI for -5 minutes, then 0.5 M Tris-HCI(pH = 
7.0)-3 M NaCI for -5 minutes. The nitrocellulose filters were air-dried and then baked in vacuo at 80 °C for 
30 minutes. 

The nitrocellulose filters were prehybridized for -5 minutes at room temperature in a solution of 6X SSC 
(20X SSC is 3 M NaCI and 0.3 M Na citrate), 10X Denhardt's solution (0.2 g of polyvinylpyrollidone), 0.2 g 
of bovine serum albumin, and 0.2 g of Ficoll per 100 mL of water), 0.1% NaPPi, 0.1% SDS, and 10 ug/mL 
of denatured E. coli chromosomal DNA. The filters were then hybridized in a solution of 6X SSC, 10X 
Denhardt's solution, 0.1% NaPPi, and 1 umol/5 mL of 32 P STNDE-B. The 32 P-STNDE-B was prepared by 
phosphorylating the 5' ends of 100 pmols of STNDE-B in substantial accordance with the procedure 
described earlier in this example, except that -70 pmol of 7 - 32 P-ATP (New England Nuclear (NEN), 549 
Albany Street, Boston, MA, 02118, Catalog # NEG-002A) were used instead of non-radioactive ATP. After 
hybridization, the filters were rinsed twice for 5 minutes per wash in excess 6X SSC at room temperature, 
then at 52 C in excess 6X SSC for 20 minutes per wash. The filters were air-dried and autoradiographed 
for 2 hours at -70 ° C 

BamHI-digested plasmid pUC8 DNA (plasmid pUC8 DNA is available from BRL) was prepared in 
substantial accordance with the procedure described in Example 2B. Five ul (-1 ug) of the -3 kb BamHI 
fragment DNA isolated from phage mOW381 and 1 ul (-100 ng) of BamHI-digested plasmid pUC8~DNA 
were iigated in substantial accordance with the procedure described in Example 2B. The ligated DNA 
constituted the desired plasmid pOW381 along with other ligation products. Plasmid pOW38l has a 
restriction site map identical to that of plasmid pOW380, except for the presence of an additional Ndel 
restriction enzyme recognition sequence located at about the first codon of the DAOCS coding sequence -- 

The ligation reaction constituting the desired plasmid pOW38l was transformed into competent E. coli 
K12 RRIAM15 (NRRL B-15440). Aliquots of the transformation mixture were plated on L-agar "plates 
containing ampicillin (100 ug/mL), X-gal (40 ug/mL), and IPTG (0.1 M). The plates were incubated at 37° C 
for -18 hours. Ampicillin-resistant transformants with a white colony color (due to insertional inactivation of 
the a-fragment of £-galactosidase encoded in plasmid pUC8) were further screened by restriction enzyme 
analysis of their plasmid DNA to identify the desired plasmid pOW381 transformants. Plasmid DNA was 
prepared from 3 mL cultures in substantial accordance with the Birnboim and Doly procedure described 
above for preparing RF DNA from phage M13-infected E. coli K12 JM109 cell pellets. Plasmid pOW381 
DNA from one transformant was prepared in substantial accordance with the procedure described in 
Example 1 for use in subsequent constructions. 
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Construction of Plasmid pOW382 



and an -5.3 k £ N^l-Ba^, SSSSffiSTJKa^T™ 

from pC2R336 contaiHsTiNA sequences coding for the XpT oramoS a Jan J«„„ J^S™"' " a 9"»"' 

^s,:^ - >*»* ca n „ ^ 

o, p,as mid P c p z*,„ ,s ^^^rr^rr^^^^ •» 

s^-^^r" ,ra9mem SoVrsr 



-CTACAGGGTATTAATAATCTATATTGATTTTAATAAGGAGGAATAATCA- 

3'-TC^i[iHitiiiiU!!JLl! !! !21!il!lli 1 1 1 1 1 1 1 1 1 



TCCCATAATTATTACATATAACTAAAATTATTCCTCCTTATTAGTAT-5 ' 

!6 B. Isolation of -2.4 kb Ndel-Bamw fraarnent of PjasmM nnw^a. 

C. Final Construction of Plasmid pOT/382 and E. coli KIS JMI09/pOW382 

u, (-oTV g , U 'oMhe isltd "J? l £f?^ k "«'?*" ,ra9men ' °' P ' asmid > CZR33e °m and 4 
MM I onto TY agar plates conning tetracaine 00 uo/mL, JX?ZX££57* X 

As say of E coli-produced DAOGS Activity 
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A. Culture of B coH K12 JM1^09/pOW382 for Expression of DAOCS Activity 

An e'coO K12 JMIO***** -sformant was gro ^^Z^ 
(containing of tet = ; I in •^,^^^0 ug , m , tetracyc.ine in a 2.8 L 

adding io ml of the overntght culture to 990 ml ot condit ions. The temperature of the 

f,ask and incubated a further hour at 30 , C undw same^ an add , ional 6 . 5 hours, 

gyrotory incubator shaker was then ra.sed 0 42 ^ and 'J^^ jtioned to drive , expression of the 
The c.857 temperature-sensit,ve repres sor of the ^^^^ sq ^ ^ c exp - ession of DA0 CS 
^n^o^^ " centrifugation and used as a Preferred 

source of E_ coli -produced DAOCS activity. 



Claims 

, . Deacetoxycephaiosporin C synthase in purified forrr i which * • —^1 O^c^Isle 
of about 34.600 Oaltons; which exhibits two .soelectnc potnfi of 13 ^=™.° a| . pro . Thr . phe ^ er . Lou . 




- Determined by extrapolation to zero time of hydrolysis 
b Determined as cysteic acid 

c Determined by hydrolysis in the presence of th.oglycol.c ac.d 



K m (penicillin N) = 29 uM 
K m (a-ketoglutarate) = 18 uM 

K a (Fe* *) = 8 UM ; hvd roxvlase activity; and which possesses the ability to convert 7(3- 

whiC h lacks acid to deacety.cepha.osporin C. 

(a-am,noad.pamido)-3-exomethylenecepna y com p riS es the following steps: 

PreS TclTaSh^d etfrac, o,er an anionic exchange resin in the presence o, a reducing agent 
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,r KCI; 



en 2 ymeac.ivi.y and .i.tering said .rac.i^^^^^^ a bu||9red pH „, about 3 i„ ,he 

3 fining 80 % o, the enay.e ac , and -ng 

enzyme activity and filtering said .ractions ^^^ZTzJere* pH o, 7 in .he presence of 
6. chromatographing over a strong aniomc e*cha"ge act|vily and elotmg said 

, -Trress - Caim , where m steps , ^^^l mC ^ " " 

sti: r;»« « - ^ - — sm - and 

ab °e 5 ,~*il 2 where. * step 6. the dude: is ,5 *. Tris-HC. pH 7. containing 5M urea and 
oxygen a-exomelhylenecephalosporin C of the formula 



HOOC 



2 N \ 

( 

/ 



CHCHjCH^^C 1 




COOH 



'^TSfS^S 8 ,he ,er,ous i0 " is presw ' a " a concen " aeon be,ween abou ' 20 uM 

^ "otss o, Cain, 8 wherein the ^.ogtutarate is present at a concen,ra„dn between ahou, 20 

uM and about 300 u.M. 

Claims for the following Contracting State: ES 

, The process .or preparing deace«oxycepha,osporin C synthase in purdied ,o,m which comprises the 
paring an agueous ceMree extract o, crude enzyme. Mered with pH 7.5 ,0 8.0 ,n me 
' -Tctc^g^ 

. ^^^^^^^SL^ « a duHered pH o, adoo, 8 in .he 
pre J^T^Z:V^Z^ 3 coniU « d- - enzyme ac.,,. and e, U , 9 
satd enzyme wild a linear gradient 0. 0 to 0.5M NaCl 
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mercUtCT 5 °' C ' a ™ ' S * 6P 2 ' »» redu «"9 - «„ itol . dithioerythreito, o, 

3. The process of claim 1 where in steDS i ; i a „d ? * k « 

T,is " HC ' bu " 9 " PH 8 

about 5 mM P ZZZ: t . *" ' te bU " er * ' 5 mM PH » containing 5 M urea and 

^^ineS^ C ~ ~3 - - P-.ce ot 



H 2 N X 



HOOC 



O 

^CHCH^CHjCHjl— NH . 




COOH 



at a temperature between about 30 ' C and about 40' r in „„ , 

M-togtutarate a. a pH between about 6.8 and about Te ZllTl m9 * m C< "" ai, " ,,! ' ,er ' OUS io " a "« " 
ycephalosporin C synthase. S "°P'°"yces clavuligerus derived deacetox- 

and abo^tOOaM 5 °" ° i0 " is <"•« - ■ concentration between about 20 uM 

UM L T abor300 S I. C ' aim 6 Wherei " °- k ^lu.ara«e is present at a concentration between abo U , 20 
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FIG. 2 
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